Asf1N could also stimulate histone deposition by CAF-I, complement the DNA damage sensitivity of asf1⌬ strains, we turned to in vitro DNA replication reactions. In these we introduced plasmids expressing Asf1 or Asf1N and assays, nucleosome formation is detected by the suexposed the cells to MMS or HU. Our results demonpercoiling of circular, replicated DNA templates that strate that the N-terminal domain of Asf1 is as proficient have been labeled by incorporation of a radioactive as the wild-type protein to confer resistance to DNA deoxynucleotide. We observed that both full-length Asf1 damaging agents in vivo ( Figure 1A) . and Asf1N were able to stimulate nucleosome formation Asf1 stimulates the activity of CAF-I in vitro and conby a substoichiometric amount of CAF-I ( Figure 1E ) and tributes to chromatin-mediated silencing in vivo in a that the specific activity of Asf1N in this assay was as manner that overlaps CAF-I [11-14, 16]. Yeast cells lackhigh, if not higher, than that of full-length Asf1. As obing both the ASF1 gene and any of the three CAF-I served previously for Asf1, the amount of Asf1N required subunits encoded by the CAC1, CAC2, and CAC3 genes to stimulate CAF-I was unable to promote efficient hisdisplay slow growth and possess poor chromatin-meditone deposition alone (lanes 6-8 and 12-14; [11, 13]), ated gene silencing [11, 16]. To define the region of Asf1 reflecting the functional synergy between these histone responsible for mediating these effects, we compared deposition factors. We conclude that Asf1N is functional growth rates and telomere-proximal gene silencing in for histone binding and stimulation of histone deposition cac1⌬ asf1⌬ double mutants expressing either fullby CAF-I in vitro. length Asf1 or the truncated Asf1N protein ( Figure 1B) . In our growth assays, plasmids encoding either Asf1 or Structure of Asf1N Asf1N restored wild-type growth rates to cac1⌬ asf1⌬
To explore the molecular basis of the many functional cells (Figure 1B, left) . To assess gene silencing, we used interactions of Asf1N, we overexpressed the recombia URA3 reporter gene inserted adjacent to telomere nant protein in E. coli and purified it to homogeneity for VIIL and measured growth on media containing FOA, a structural studies (see Experimental Procedures). Conmetabolic toxin that positively selects for the ability to trary to full-length Asf1, the purified truncated protein silence the URA3 gene [ We determined the structure of Asf1N to a resolution edge of the Asf1N molecule (Figure 3 ). While narrower than the groove, the cleft appears sufficiently wide to of 1.5Å using multiwavelength anomalous dispersion methods on crystals grown in high concentrations of accommodate an additional ␤ strand from an interacting protein to pair with ␤1. Indeed, it is worth noting that in bromide ions (Figure 2A) Figures 2C and 3 ). The first and most striking termed Asf1a and Asf1b along with a Hir1/Hir2 homolog known as HIRA. We hypothesized that the Asf1-Hir proof these is a concave groove on the front of the molecule that is principally hydrophobic in character ( Figure 3A) . tein interaction might be conserved in evolution and that we could use our structural data to define regions of The concavity of the groove is established by the curvature of the larger of the two ␤ sheets, by the hairpin turn Asf1 important for this interaction.
To test these ideas, we first investigated the human between strands ␤7 and ␤8, and by the ␤4/␤5 connector loop ( Figure 2B ). The groove is decorated with a number Asf1a and HIRA proteins because we had observed interaction between these proteins in two-hybrid experiof conserved, solvent-exposed hydrophobic residues, including V45, V92, L96, and Y112, and represents a ments (data not shown); the interaction of Asf1b and HIRA is under investigation. We confirmed a direct, stapotential protein-protein interaction surface.
Flanking the groove lies a second region of interest, ble interaction between Asf1a and HA-epitope-tagged HIRA in coprecipitation experiments using HA-epitopewhich is defined by a strongly electronegative surface potential arising from a cluster of acidic residues on ␤4 tagged HIRA ( Figure 4A ). Alanine-substituted mutant human Asf1a proteins were then used to define potential and ␤5 (D37, E39, D58, and D77). Many of these show a high degree of conservation ( Figure 3B ). Given the binding sites for HIRA on Asf1a. Mutation of either of two sets of contiguous amino acids in human Asf1a, proximity of this region to the hydrophobic groove and because electronegative surfaces have previously been amino acids 36-37(ED to AA) and 62-64(VGP to AAA), completely abolished Asf1a-HIRA interactions. In conimplicated as histone binding determinants [37], the acidic region of Asf1 represents a likely histone interactrast, alanine substitutions in at least four different regions of Asf1a have no effect on HIRA binding including: tion site. However, some residues in this region also appear to be essential for stability of Asf1, because a (1) Asp13, which lies in the region between ␤ strands 1 and 2, (2) Glu49 and Glu51, which reside in the ␤4/␤5 double E39A, K41A mutation resulted in nearly undetectable levels of Asf1 by immunoblotting of cell extracts.
connector turn, (3) Asp77, which is located at the end of strand ␤6, and (4) Glu121 and Glu124 of helix ␣2. Additionally, the Asf1 E39A, K41A protein was nonfunctional for in vivo HU sensitivity and silencing assays (data not To determine whether the human Asf1a mutations might define a single HIRA binding site, we mapped shown).
The Nucleoplasmin (Np), like Asf1, adopts a ␤ sandwich H36/D37. Of these two residues, only D37 is highly conarchitecture. However, the Np fold is based on a jelly served, suggesting that D37 is more likely to play a roll topology that is distinct from the Ig structure of key role in mediating Hir1 binding than H36. Figure 4D . Two independent isolates of the asf1-H36D37-AA cells were tested in which the H36D37-AA mutation was made in the context of full-length Asf1. 5 g total cell protein was probed with antibodies raised against Asf1 (top). The same blot was reprobed with antibodies that recognize PCNA as a loading control(bottom panel). (C) Wild-type HU sensitivity of asf1-H36D37-AA cells. Two independent isolates of the asf1-H36D37-AA cells were grown and plated as described in Figure 1A . (D) Telomeric silencing defect of cac1 asf1-H36D37-AA cells. Cells were grown and plated as described in Figure 1B. pressed by insertion of ASF1 codons 1-155 followed by two FLAG followed by a TEV protease cleavage site (N. Pokala and T. Handel, personal communication). The TEV cleavage site was engineered epitopes into pET28a (Novagen). Asf1N-FLAG was purified by metal affinity chromatography followed by S-200 gel filtration chromatogsuch that the N terminus after cleavage is H 2 N-G-A-S-, with the S residue representing the second amino acid of natural Asf1. Asf1N raphy (Pharmacia) and Poros HQ (Roche) ion exchange chromatography. C terminally FLAG-epitope-tagged, full-length Asf1 was exwas purified from cell lysates by metal affinity chromatography on Talon resin according to manufacturer's instructions (Clonetech). pressed as described [16] and purified as described above for the Asf1N-FLAG protein.
The histidine tag was cleaved from Asf1N by hexa-histidine-tagged TEV protease digestion at 25ЊC for 16 hr [48], and the TEV was For crystallization, Asf1N was expressed in E. coli using a modified pET expression vector encoding an N-terminal hexa-histidine tag subsequently removed by metal affinity chromatography. Cleaved 
